The aim of this study was to evaluate the degree of relationship and association amongst morphological characters of groundnut as an important food crop in Nigeria. 118 cultivars were planted in a completely randomized design structure. Characterization was based on qualitative and quantitative evaluations of 62 characters. Data were analysed on the SPSS software (20.0 versions). Correlation tools were applied using Spearman, Kendall and Pearson methods. Level of relationship was determined based on the strength of coefficients R. Dependence among traits was tested using the Chi square. Multiple regression analysis was carried out in a predictive model. As a result, many of the traits are very weakly correlated. Day to emergence has no effect on Day to among some predictors. When appropriately applied, the information provided in this report may be useful to groundnut growers and breeders as well those interested in systematic studies of the crop.
50% flowering (R = 0.237, p < 0.05) and number of flower (R = 0.221, p < 0.05). Day to first flowering weakly correlates with maturity time of the plant (R = 0.39, p < 0.01) but no effect on the yield. Also, number of flower correlates moderately with number of pods (R = 0.535, p < 0.01) and seeds (R = 0.409, p < 0.01). Plant height also moderately affects leaflet sizes (R = 0.354, p < 0.01) with a low R 2 of 13%. Plant biomass moderately affects number of pod (R = 0.494, p < 0.01), pod length (R = 0.395, p < 0.01), pod width (R = 0.473, p < 0.05), number of seed (R = 0.468, p < 0.01) and seed weight (R = 0.548, p < 0.01). Most of the high positive correlations recorded (R > 0.6, p < 0.9) were observed amongst pod and seed parameters. Pod sizes significantly affect the number of seeds present (R = 0.551, p < 0.01) with R 2 of 30%. Qualitative traits have no effect on each other as all coefficients are very low. Pod constriction and sizes have no relationship (R = −0.029). Tolerance to diseases is not affected by any qualitative trait. Also, no trait determines seed colour. Pubescence of young and mature leaflets recorded the only high positive correlation among all qualitative traits (R = 0.837, p = 0.01). However, leaf and stem pubescence have no relationship. The following traits significantly depend on
Introduction
Groundnut (Arachis hypogaea L.) is an important food crop popularly cultivated for its seed consumption. Nigeria is globally ranked as the third largest groundnut producing country and the largest producer in Africa [1] . The crop has helped fight malnutrition in Africa as the seed is nutritionally rich [2] . Breeding effort is ongoing to meet different purposes [3] [4] [5] . The crop has been largely characterized morphologically for improvement purposes, but previous studies only captured few landraces or cultivars using limited traits [6] [7] . Morphological traits which are the phenotypic expression of genetic information [8] Nigeria is committed to high productivity of groundnut as the highest producer in Africa. Despite this, comprehensive information on the interrelationship amongst traits of the crop is scarce and often misapplied. The aim of the present study was to evaluate the degree of relationship and association among selected characters of groundnut cultivars. The outcome may help users of the information make decisions in cultivar selection. This is a technical approach that may save time and resources in the evaluations of traits that are not instantly measurable. It may also provide useful information that will unravel the complex nature of factors affecting the overall survival and yield of the crop. . Seeds were sowed on 41 long ridges with an inter ridge distance of 0.75 m. The entire field was partitioned into two: Plot 1 and 2. Planting was done in a perpendicular orientation to the ridges. One (1) seed of each cultivar was sowed and replicated 5 times within 1m space on the ridges. This was done for all 118 cultivars in each plot.
Materials and Methods
The design structure was a completely randomized design in a 118 × 5 × 2 arrangement. Therefore, a total of 1180 plant stands were assessed. Characterization was based on qualitative and quantitative evaluations of accessions [17] . A total of 62 characters were evaluated as listed in Table 1 .
Computation was done in Excel work book. Data was analysed on the SPSS software (20.0 versions). Correlation analysis was applied on Qualitative traits production capacity tends to moderately affect both the pod and seed production potential of the plant (yield) but no effect on the sizes of pod and seed. Length of floral whorl largely affects the petiole length of the flower with a significant correlation coefficient of 0.865 (p < 0.01). These characters have no effect on any vegetative and reproductive trait. Plant height moderately correlates with leaflet length only (R = 0.354, p < 0.01) indicating that tall cultivars are likely to develop long leaflets. The extent to which these traits affect each other (R 2 ) is 13%. Other factors that may determine the sizes of leaflets account for 87%. Thus, height of the crop is not a good indicator of leaf sizes. When groundnut is used as a folder crop in animal feeds, cultivars with excellent combination of the two characters may be selected. Plant biomass moderately correlates with number of pod (R = 0.494, p < 0.01), pod length (R = 0.395, p < 0.01), pod width (R = 0.473, p < 0.05), number of seed (R = 0.468, p < 0.01) and seed weight (R = 0.548, p < 0.01). It appears that overall weight of the plant in the field has significant effect on yield as well as sizes of pods and seeds. From theory, plant biomass is a function of gravity, proplasmic content and water relationship. This suggests that the crop needs maximum care to maintain good biomass. From the matrix, plant biomass has no relationship with other vegetative traits such as plant height and leaf sizes. Chi square tests (Table 5) The equation connecting seed production capacity and six other regressors is given in Table 6 . Among the regressors, Plant biomass PB (p = 0.035) and
Results and Discussion
Number of pods NP (p = 0.00) were significant on seed production. Seed yield could be predicted by substituting the values of the predictors in the linear equation: Figures 1-4 . Predicting the number of seed produced is necessary after pod harvesting when pods are to be stored for a long time without break.
The coefficient of relationship of the overall model is 0.716. This model explains 51% of variation in seed production (R 2 = 51.3%) hence a fit model. 48% of variation in seed production is not accounted for the predictors (Table 7) .
In the present report, Arachis hypogaea can be described as a crop having moderate level of character association in quantitative traits. This is contrary to the findings in other crops where quantitative characters are very highly related . Larger canopies may manufacture more food to be deposited in the seed as food reserves [21] . Adequate water intake is also needed for seed production in groundnut [22] [23].
The present report totally agrees with other studies where high correlations in reproductive characters have been reported [9] . It is expected that sizes of pods should determine the sizes and number of seeds present. The number of seed should also correlate well with its weight. Breeders aiming at improving seed yield may then focus only on improving the crop for pod yield and pod sizes regardless of the constriction pattern of the pod. Similar findings were previously reported on the crop [6] [7] . It is also expected that the length of pedicel should determine the overall size of the flower, though this is unrelated with pod and seed yield. The present report has buttressed basic genetic theories. Traits such as disease susceptibility, plant survivorship and pod production depend on the type of cultivar. This may be due to the inherent genetic differences among the Pod yield is a quantitative trait which may involve the interactions of polygenes. This trait thus requires QTL (Quantitative Trait Loci) analysis for a more detailed explanation. The plant biomass factor is a weight related factor and cannot be separated from the moisture content of the plant. This implies that the crop requires high amount of water for maximum pod and seed production.
Groundnut pods, as the name implies, are buried underground and they are attached to the plant root system where water absorption takes place. This information accounts for why the crop is popularly cultivated in the raining season in Nigeria [22] . 
Conclusion
The present study has successfully determined the level and nature of relation- 
